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Inipient magnetism in the ubi perovskites MgCNi3 and Y BRh3: A omparison
P. Jiji Thomas Joseph and Prabhakar P. Singh
Department of Physis, Indian Institute of Tehnology Bombay, Powai, Mumbai-400076, India
Using density-funtional-based methods, we have studied the eets of inipient magnetism in
the ubi perovskites MgCNi3 and Y BRh3. Our results show that (i) at the equilibrium volume,
bothMgCNi3 and Y BRh3 alloys remain paramagneti and (ii) at expanded volumes, only Y BRh3
shows the possibility of a ferromagneti phase with a loal magneti moment larger than 0.25 µB
per Rh atom.
The oexistene of magnetism and superondutivity,
predited to be inompatible [1℄ due to pair-breaking ef-
fets of magneti sattering of eletrons [2℄, has been ob-
served in a wide variety of materials suh as the uprates
[3, 4℄, the ruthenates [5, 6℄, the heavy fermion ompounds
[7, 8℄, the organi superondutors [9, 10℄, the boro-
arbides [11, 12℄ and the transition-metal intermetallis
ZrZn2 [13℄.
One of the reently disovered superonduting mate-
rial, the ubi perovskite MgCNi3 [14℄ with a superon-
duting transition temperature TC = 8K, shows subtle
signatures of inipient magnetism in the form of spin-
utuations. The density of states of MgCNi3 has a
strong van-Hove singularity, primarily omposed of Ni
3d states, just below the Fermi energy EF [15, 16℄, whih
suggests that the material may be lose to a magneti
instability. Using the rigid band approah, one expets
∼ 0.5 holes to driveMgCNi3 to ferromagnetism [16, 17℄.
However, experiments nd that hole-doped MgCNi3,
with the hole-doping ahieved via Fe or Co substitutions
in the Ni sub-lattie [18, 19, 20, 21, 22℄, and vaanies
[23, 24℄ or B substitutions in the C sub-lattie [25℄, re-
mains non-magneti.
A variety of transition-metal-rih ubi perovskite ma-
terials have been synthesized [26℄ and tested for super-
ondutivity. Conrmed report of superondutivity ap-
pears only for Y BxRh3, for whih resistivity harater-
ization nds TC of ∼ 1K [27℄. Magneti measurements
show that Y BRh3 remains a Pauli paramagnet over a
wide temperature range, 4.2 ≤ T ≤ 300K [27℄. The den-
sity of states of Y BRh3 reveals that the density of states
at EF , N(EF ), is dominated by the Rh 4d states, with
little or no ontribution of the B 2p states [28, 29℄. For
expanded volumes, the EF is expeted to lower in energy.
Suh a movement in EF is expeted to enhane N(EF ),
thus raising the possibility of satisfying the Stoner ri-
teria. At the equilibrium volume, model alulations for
MgCNi3 show that the Stoner riteria is far from be-
ing satised [16, 30℄, but is found large enough to indue
spin-utuations.
Given that MgCNi3 and Y BRh3 are perovskite su-
perondutors, and that inipient magnetism resides in
MgCNi3 in the form of spin-utuations [30, 31℄, it is in-
teresting to ompare the propensity of magnetism in the
two alloys as a funtion of volume. The present study
of ordered MgCNi3 and Y BRh3 alloys is a step in that
diretion.
The unpolarized, spin polarized, and xed-spin mo-
ment alulations for ordered MgCNi3 and Y BRh3 al-
loys are arried out, self-onsistently, using the Korringa-
Kohn-Rostoker method in the atomi sphere approxima-
tion (KKR-ASA). The alulations are salar-relativisti
with the partial waves expanded up to lmax = 3 in-
side the atomi spheres. The exhange-orrelation ef-
fets are taken into aount using the Perdew and Wang
parametrization [32℄. The ore states have been real-
ulated after eah iteration. The overlap volume result-
ing from the blow up of the mun-tin spheres was less
than 15%. The integration of the Green's funtion over
the energy to evaluate moments of the density of ele-
troni states was arried out along a semi irular on-
tour omprising of 20 points in the omplex plane. For
the Brillouin zone integrations, the speial k−point teh-
nique was employed with 1771 k−points spread in the
irreduible wedge of the ubi Brillouin zone. The on-
vergene in the harge density was ahieved so that the
root-mean square of moments of the oupied partial den-
sity of states beomes smaller than 10−6.
The alulated equilibrium lattie onstants for
MgCNi3 and Y BRh3 are found to be 7.138 a.u. and
7.919 a.u., respetively. For MgCNi3 the alulated
lattie onstant is onsistent with the previous rst-
priniples reports [30℄, but the value is underestimated by
1% when ompared with the experiments [14℄. Surpris-
ingly, for Y BRh3 the alulated lattie onstant appears
to be overestimated in omparison with the experiments
[27, 33, 34℄, whih is not so ommon. A previous the-
oretial estimate of the lattie onstant of Y BRh3 also
nds an overestimated value [28℄. Suh a disrepany
also exists for ZnCNi3 alloys [35, 36℄. For the latter,
it is argued that the material ZnCNi3 subjeted to ex-
periments may be o-stoihiometri in C sub-lattie [36℄.
Thus, it an be inferred that the material Y BRh3, whih
is reported to be a superondutor [27℄, may be deient
in B ontent, and if so, following the ase ofMgCNi3 one
may expet higher TC for the stoihiometrially ordered
materials.
The densities of states ofMgCNi3 and Y BRh3, alu-
lated at the respetive equilibrium lattie onstants, are
shown in Fig.1. For both the materials, the density of
states at EF is dominated by the transition-metal states,
Ni in MgCNi3 and Rh in Y BRh3. For MgCNi3, the
van-Hove singularity is well reprodued, and it is about
0.06mRy below EF , in agreement with the earlier band-
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Figure 1: The total and sub-lattie resolved partial densities
of states ofMgCNi3 (upper panel) and Y BRh3 (lower panel)
, alulated at their equilibrium lattie onstants. The thik
line represents the total density of states while dotted, dashed
and thin lines represent partial densities of states for Ni (Rh),
Mg (Y ), and C (B). The inset is a blow up of the states near
the Fermi energy whih is shown as a vertial line through
the energy zero.
struture reports [16℄. For Y BRh3, the van-Hove singu-
larity falls at EF . In the itinerant model of magnetism,
a high N(EF ) is essential for magnetism, and thus it ap-
pears that both MgCNi3 and Y BRh3 alloys are lose
to ferromagneti instability. In the ase of Y BRh3 the
total energies of both spin polarized and unpolarized
alulations at the equilibrium lattie onstant remain
degenerate, making Y BRh3 into a paramagneti mate-
rial. The alulated paramagneti N(EF ) for MgCNi3
and Y BRh3 are 14.562 and 11.212 state/Ry− atom re-
spetively, whih are onsistent with the previous reports
[16, 17, 28, 30, 37℄.
The harateristi dierene in the densities of states
of MgCNi3 and Y BRh3 is the absene of non-metal 2p
states at EF in Y BRh3. This ompares well with its iso-
eletroni ounterpart MgCCo3. However, MgCCo3 is
found to be a weak ferromagnet with Co having a loal
magneti moment of 0.33µB [38, 39℄. Next, we desribe
the eets of volume expansion on the inipient mag-
netism in MgCNi3 and Y BRh3.
For MgCNi3, up to a 15% inrease in lattie onstant
from the equilibrium showed no loal magneti moment
at the Ni site. The results of our alulations are sum-
marized in Fig.2, where we show the density of states as
a funtion of lattie onstant in MgCNi3 over an energy
interval of −0.2 ≤ E ≤ 0.2. Though N(EF ) inreases
steadily with inreasing lattie onstant, the peak, whih
is harateristi of the Ni 3d bands, does not hange its
position on the energy sale, onsistent with the observa-
tions made by Rosner et. al. [16℄. However, the inrease
in N(EF ) is not suient to indue a magneti phase
transition in MgCNi3 even at expanded volumes.
For Y BRh3, our alulations reveal a sharp ferromag-
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Figure 2: The total density of states of MgCNi3 for various
lattie onstants (as indiated in the left inset), alulated as
desribed in the text. The density of states is shown over an
energy interval −0.2 ≤ E ≤ 0.2 with respet to the Fermi
energy. The vertial line through the energy zero represents
the Fermi energy. The total density of states at EF as a
funtion of lattie onstant is shown in the right inset.
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Figure 3: The total magneti moment as well as its ontri-
butions from the Y , B and Rh sub-latties in Y BRh3 as a
funtion of lattie onstant, alulated as desribed in the
text.
neti transition with respet to expanded lattie on-
stants. In Fig.3, we show the total magnetization as a
funtion of lattie onstant for Y BRh3. The individual
ontributions to the magnetization from Y , B and Rh
sub-latties in Y BRh3 are also shown in Fig.3. We nd a
sudden appearane of loal magneti moment larger than
0.25µB per Rh atom for lattie onstants larger than 15%
of the equilibrium value in Y BRh3. Small magneti mo-
ments, whih are anti-ferromagnetially oupled to the
magneti moment at the Rh site, also develop at the Y
and B sites due to the hybridization with the 4d states
of Rh.
As a ross hek to the self-onsistent alulations,
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Figure 4: The Magneti energy ∆E(M) (in mRy) as a fun-
tion of magnetization M (in µB) for MgCNi3 (upper panel)
and Y BRh3 (lower panel), alulated as desribed in the text.
as desribed above, we have arried out xed-spin mo-
ment alulations [40℄ to estimate the magneti energy
∆E(M) =E(M) − E(0), where E(0) and E(M) are the
total energies for the paramagneti phase and ferromag-
neti phase with a magneti moment M respetively, for
both MgCNi3 and Y BRh3 at various lattie onstants.
In Fig.4, we show the alulated magneti energy
∆E(M) as a funtion of M for various lattie onstants
for both MgCNi3 and Y BRh3. From Fig.4, it is lear
that MgCNi3 remains paramagneti throughout, as no
minimum, other than for M=0, appears in ∆E(M) vs.
M urve. However, for Y BRh3 a seond minimum ap-
pears in the ∆E(M) vs. M urve, indiating a ferromag-
neti transition. Hene, both self-onsistent and xed-
spin moment methods show a greater propensity of mag-
netism in Y BRh3 than in MgCNi3. The existene of
an enhaned magneti behavior in Y BRh3is due to a
weak hybridization of the metal d states with that of
the non-metal p states in omparison with MgCNi3. In
MgCNi3, one nds that the C 2p states and the Ni 3d
states hybridize strongly with signiant ontribution to
N(EF ) from the C sub-lattie.
In onlusion, rst-priniples, density-funtional-based
alulations nd Y BRh3 to be loser to a magneti in-
stability than MgCNi3 with respet to lattie onstant.
The enhaned propensity of magnetism in Y BRh3 may
be responsible for lowering the value of TC , in spite
of high density of states at EF . The superondutor
Y BRh3 thus falls in the same lass as the refratory
ompounds V N , where spin-utuations lower the TC
drastially.
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